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ABSTRACT – Lipid oxidation is responsible for physicochemical and 
organoleptic changes which reduce not only the food shelf life but also its 
acceptability. However, this deterioration process can be delayed or prevented by 
the addition of antioxidants. The aim of this study was to evaluate the effect of 
different antioxidants, pure and in combination (ascorbyl palmitate, rosemary 
extract and mix of tocopherols) compared to TBHQ (tert-butylhydroquinone) on 
oxidative stability index (OSI) of soybean oil stored in PET bottles by Rancimat 
at 120°C. The rancimat method is included in the AOCS Cd 12b-92 standard, due 
to the ease of use and reproducibility that allows the OSI evaluation in a relatively 
short period. Therefore, an accelerated shelf life study was performed at 60°C for 
30 days. The results showed that all evaluated antioxidants and their combinations 
delayed the lipid oxidation of soybean oil.  However, a mix containing ascorbyl 
palmitate and rosemary extract presented OSI (Oxidative Stability Index) similar 
to TBHQ. At the end of the 30th day, this referred blend of antioxidants had OSI 
of 4.83 hours at 120 °C, while treatment with TBHQ showed 5.90 hours at the 
same temperature. Thus, it was concluded that the evaluated concentration of the 
ascorbyl palmitate and rosemary extract blend may be an excellent alternative to 
TBHQ during the maintenance of the soybean oil shelf life in PET bottles. 
Palavras-chave: Soybean oil. Oxidation. Oil stability. Shelf life. Antioxidants. 
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1. INTRODUÇÃO 
 
Lipid oxidation, also known as rancidity or autoxidation, is one of the main changes that 
occurs in fats and oils. It is responsible for modifying their sensorial and nutritional 
characteristics, besides reducing their shelf life, acceptability and suitability for consumption 
(SILVA et al., 2017; ALMEIDA, 2016; WALALLAWITAA et al,2016). 
Soybean oil is the most consumed edible oil in Brazil due to its high availability and 
low cost (AMARAL, 2016).  However, it is also one of the edible oils most susceptible to the 
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lipid oxidation reaction due to the higher degree of unsaturation, characterized by high 
content of linoleic acid (44% to 62%) and α-linolenic acid (4% to 11%) (SILVA et al., 2017; 
BRASIL, 2005a). Although it seems clear polyunsaturated fatty acids (PUFAs) are beneficial 
to human health being favorable from a nutritional point of view, higher contents of linoleic 
and linolenic acids result in diminished oxidative stability and shorter shelf life of the oil 
(SILVA et al., 2017; VILLANUEVA et al., 2017).   
Edible oils oxidation is influenced by an energy source such as light, temperature, 
composition of fatty acids, type of packaging, oxygen, and minor compounds such as metals, 
pigments, phospholipids, free fatty acids and mono- and diacylglycerols, thermally oxidized 
compounds. Although lipid oxidation is a spontaneous and irreversible phenomenon, it is 
possible to delay it by controlling those parameters (CARVALHO et al., 2008; KIM et al., 
2007). Among the many methods employed for controlling lipid oxidation, the use of 
antioxidants is the most effective, convenient and economical means. Food manufacturers 
world-wide use antioxidants to stabilize food lipids and thus preventing quality deterioration 
of the products (SHAHIDI; ZHONG, 2010). Thus, in order to delay lipid oxidation, 
antioxidants have been widely used to maintain the quality and extend shelf life of oils 
(YANG et al., 2016).  The lipid changes in fats and oils, the shelf life of products containing 
them, as well as their susceptibility to degradations can be evaluated by thermal and oxidative 
stability analyses. These methods were developed to monitor chemical changes during storage 
by defining their thermal stability based on the ability to maintain its characteristics during 
thermal processing.  These accelerated oxidative stability tests can be used with the 
application of heat and gas flows to obtain the data faster and more efficiently (SANTOS et 
al., 2015). Once oxidative stability of oils and fats is an important parameter for the analysis 
of their quality, many techniques for oxidation stability characterization have emerged in an 
attempt to predict shelf life of fats and oils. Mainly because the monitoring of changes in 
these products under storage conditions is slow and can consume a large amount of reagents 
(ANTONIASSI, 2001). 
One of these techniques is performed using the Rancimat test equipment. It is used to 
measure the changes in the electrical conductivity in water caused by the formation and 
release of volatile oxidation compounds. Based on these principles, oil or fat samples are 
heated under constant air flow at temperature between 100 ºC and 140 ºC.  These variables 
cause the dissociation of volatile carboxylic acids, especially formic and acetic acids produced 
during the oxidation process, which undergo solubilization and consequently increase water 
conductivity. The response to this conductivity increase is expressed as an oxidation curve 
that exhibits the induction time, followed by a subsequent shift toward higher oxidation. The 
interpretation of this curve refers to the number of hours required until the end of the 
induction time. (SANTOS et al., 2015; MACHADO, 2014; JAIN; SHARMA, 2011). 
Therefore, the purpose of this study was to evaluate the oxidative stability of soybean 
oil added by different antioxidants (Rosemary Extract, Tocopherols Mix and Ascorbyl 
Palmitate), pure and combined, comparing them to the synthetic antioxidant TBHQ, through 
Oxidative Stability Index (OSI) at 120 ° C using the Rancimat test equipment. Rosemary 
Extract and Tocopherols Mix are both natural antioxidants. On the other hand, Ascorbyl 
palmitate (AP) is a synthetically-derived oil-soluble ester of Ascorbic Acid (AA) is an organic 
acid occurring widely in the vegetable world. Unfortunately it has very low solubility in pure 
oils (MARTINEZ et al., 2013; HRAŠ et al., 2000). 
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2. MATERIALS AND METHODS 
 
2.1. Materials 
 
Rosemary Extract, Mix of Tocopherols, Ascorbyl Palmitate and TBHQ were purchased 
from supplier DuPont Danisco - Nutrition & Health. Refined, bleached and, deodorized 
(RBD) soybean oil, already added of 50 mg/kg of citric acid, was kindly provided by an 
edible oil refinery company.   
 
2.2. Experiments 
 
Antioxidants, combined and pure, were added to soybean oil after refining according to 
concentrations described at Table 1. Different concentrations of pure antioxidants were 
defined based on supplier recommendations (minimum dosage to achieve performance) and 
the limits (maximum dosage) set forth by the current Brazilian legislation (Resolution RDC 
No. 23 of February 15, 2005). On the other hand, with respect the choice of antioxidant 
combinations was based on Brazilian legislation for Food Additives (Resolution RDC No. 
149 of March, 29, 2017). According to it if an additive is authorized with a maximum 
numerical limit for the same product in two or more functions, the quantity of the additive to 
be used in the product may not exceed the maximum limit laid down for this additive among 
the functions for which it is authorized; and the amount of each additive may not exceed its 
individual maximum limit. 
Samples were homogenized and packed in 900 mL PET bottles with nitrogen gas (N2) 
added to it. Stability of soybean oil against autoxidation was determined by storing the 
samples at an elevated temperature (60 °C ± 2 °C) for 30 days, in darkness. 
Oxidation level was determined by measuring Oxidative Stability Index (OSI) at 120ºC 
at days 0, 15 and 30.  The equipment used was a Rancimat, Model 743 by Metrohm Pensalab. 
 
Table 1 – Treatments used for soybean oil. Each treatment was stored in darkness condition.  
Treatments Antioxidants 
Concentration 
(mg/kg) 
1 (control) - No additives 
2 Rosemary Extract (RE) 150 
3 Mix of Tocopherols (TO) 300 
4 Ascorbyl Palmitate (AP) 500 
5 Mix of Tocopherols (TO) + Rosemary Extract (RE) 350 
6 Mix of Tocopherols (TO)+ Ascorbyl Palmitate (AP) 400 
7 Ascorbyl Palmitate (AP) + Rosemary Extract (RE) 550 
8 TBHQ 70 
Source: prepared by the authors (2018). 
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2.3. Procedures for Evaluation of Results 
 
In order to evaluate the oxidative stability index of soybean oil, the official AOCS 
method Cd 12b - 92 at 120 ° C, with air flow of 9L / h was used. The oxidative stability index 
was expressed in hours. Statistical analysis was performed using analysis of variance 
(ANOVA) and Tukey's test, at a 5% level of significance, to compare the means of the results 
obtained (triplicate). 
 
3. RESULTS AND DISCUSSION 
  
The results obtained from oil stability index are shown in Figure 1 and indicate that the 
addition of 70 mg/kg of TBHQ has the best antioxidant performance (treatment 7). Treatment 
1 (control), with the addition of citric acid alone, presented 4.11 hours for OSI at 120° C at 
the end of the study period, while 7 (70TBHQ) presented 5.90 hours (Table 2). 
Exception of treatments 2 (150RE), 3 (300TO), 5 (300TO + 50RE), and 6 (300TO + 
100AP), all experiments showed better results of oxidative stability index when compared to 
control (treatment 1). The lowest results for OSI at 120 ° C at the end of 30 days of storage 
were obtained in experiments 3 and 2, with 3.73 and 3.77 hours, respectively (Table 2). Both 
of these treatments showed no significant statistical difference between themselves and their 
OSI values were also the lowest among all treatments. The low efficiency of antioxidants 
containing tocopherols (3, 5 and 6) is explained in studies carried out by Carvalho et al. 
(2008), who present ineffective results for inhibition of lipid oxidation of soybean oil, in 
concentrations of tocopherols higher than that naturally present in edible oils. According to 
Evans et al. (2002), in general, the antioxidant activity of tocopherols decreases when their 
concentration exceeds the optimum, and may have a pro-oxidant effect, especially at higher 
temperatures.  Treatment 2 was also not effective in controlling oxidation, suggesting that the 
combination and/or amount of these antioxidants were not enough. 
Treatments 4 (500 AP), 1 (control), 5 (350 TO + RE) and 6 (400 TO + AP) respectively 
showed 4.14; 4,11; 4.09 and 4.05 hours of OSI at the end of the study (30 days) and did not 
present a statistically significant difference at the 95% confidence level (Figure 1b). The 
oxidative stability index of treatment 8 (with TBHQ) was the highest, with 5.90 hours and 
presented a statistically significant difference in relation to the other experiments (p≤0.05).  
However, treatment 7 (550 AP + RE), which presented the OSI closest value to experiment 8, 
at 4.83 hours, has differed statistically from the other assays (1, 2, 3, 4, 5 and 6), showing the 
highest OSI among them.  
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Table 2 – OSI at 120°C from soybean oil with 30 days of storage at 60°C 
Treatments 
OSI (hours at 120°C) 
Storage time (days) 
0 15 30 
(1) Control 5,10 ± 0,15 e 4,14 ± 0,21 d 4,11 ± 0,06 c 
(2) 150RE 5,06 ± 0,13 e 4,04 ± 0,12 de 3,77 ± 0,04 de 
(3) 300TO 5,11 ± 0,07 e 3,98 ± 0,04 de 3,73 ± 0,19 e 
(4) 500AP 6,57 ± 0,14 c 4,45 ± 0,01 c 4,14 ± 0,28 c 
(5) 300TO+50RE 5,11 ± 0,04 e 4,18 ± 0,01 d 4,09 ± 0,16 c 
(6) 300TO+100AP 5,58 ± 0,06 d 3,92 ± 0,04 e 4,05 ± 0,08 cd 
(7) 500AP+50RE 7,23 ± 0,01 b 5,81 ± 0,16 b 4,83 ± 0,08 b 
(8) 70TBHQ 7,43 ± 0,06 a 6,02 ± 0,04 a 5,90 ± 0,16 a 
Mean values  standard deviation. Mean values in each column followed by 
different superscript letters presented significant differences (P < 0.05) among 
treatments. 
Source: prepared by the authors (2018). 
 
Figure 1 – Oxidative Stability Index (OSI)  at 120°C from soybean oil during storage 
at 60°C 
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Source: prepared by the authors (2018). 
 
 
4. CONCLUSIONS 
 
It was found that among the seven treatments evaluated and compared to TBHQ 
(treatment 8), treatment 7 (550 AP + RE) had higher antioxidant activity than the others. This 
combination of AP and RE can be an excellent alternative to TBHQ, taking into account the 
increasing market demand for a decrease in the use of that synthetic additive.  However, it is 
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important to say that AP + RE it is not a combination of exclusively natural antioxidants once 
AP is a synthetically-derived oil-soluble ester of Ascorbic Acid (AA). 
The statistical equivalence was not achieved by now, however from this study is clear 
that treatment 7 represents the highest potential application for soybean oil shelf extend. 
These results supports the importance to continue to expand studies to examine other 
dosages of AP, combined with RE, also in different temperature ranges, in soybean oil in 
order to further expand the understanding of this combined antioxidant effects under specific 
conditions. In the next studies it is important to address other parameters that may interfere 
with the use of this combination of antioxidants in vegetable oils such as color changes, taste, 
and stability itself, among others. 
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